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(57) Abstract 

A free-piston engine having a 
fluid pressure unit comprises a cylin- 
der (1) and a piston (2) arranged 
within the cylinder (1) and reciprocat- 
ing therein between the bottom dead 
centre and the top dead centre. The 
piston (2) includes a plunger-shaped 
piston extension (8) cooperating with 
the fluid pressure unit. This fluid 
pressure unit is equipped with an aux- 
iliary means for moving the piston in 
a direction to its bottom dead centre. 
This auxiliary means comprises a 
connecting channel adapted to com- 
municate a liquid pressure source 
with a room in which the plunger- 
shaped piston extension (8) extends 
and which room is closed on one side 
by an axial face of the piston exten- 
sion which is directed such that, by 
pressure loading the axial face, the 
piston (2) is moved towards the bot- 
tom dead centre. According to the in- 
vention said axial face is formed on a 
ring (45) slidably arranged on the 

plunger-shaped extension (8), said plunger-shaped extension comprising 
is moved for displacing the piston (2) to its bottom dead centre. 
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a stop adapted for engagement by the ring (45) when it 
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Free-piston engine having a fluid pressure unit 

The present invention relates to a free-piston engine 
* having a fluid pressure unit, comprising a cylinder and a 

piston arranged within the cylinder and limiting one side of a 
combustion room, said piston reciprocating within the cylinder 

* 5 between a first position in which the volume of the combustion 
room in the cylinder is at a maximum and a second position in 
which the volume of the combustion room in the cylinder is at 
a minimum, the piston including a plunger- shaped piston 
extension cooperating with the fluid pressure unit, said fluid 

10 pressure unit being equipped with an auxiliary means for 
displacing the piston in a direction to its first position, 
said auxiliary means comprising a connecting channel adapted 
to communicate a liquid pressure source with a room in which 
the plunger-shaped piston extension extends and which room is 

15 closed on one side by an axial face of the piston extension 
which is directed such that, by pressure loading this axial 
face, the piston is moved towards the first position. 

In a known embodiment of such a free-piston engine 
having a fluid pressure unit, said axial face is formed on the 

20 plunger-shaped piston extension and the connecting channel of 
the room of the auxiliary means is connected to a low pressure 
container during normal operation. In a situation in which the 
auxiliary means should be used for bringing the piston to its 
bottom dead centre, such as with a so-called "misfiring", a 

25 two-way valve in the connecting channel is switched such that 
the room is communicated through the connecting channel with a 
source of higher pressure, such as a compression pressure 
accumulator. 

This prior art free-piston engine has the 

30 disadvantage that during normal operation with each 

compression and expansion stroke of the piston, the reduction 
and enlargement of the volume of the room cause hydraulic 
liquid to be forced out from and sucked-in again into said 
room. This leads to great displacements of hydraulic liquid 
; 35 adversely affecting the efficiency of the free-piston engine. 

Also, at the start of the expansion stroke of the vehicle, 
where the piston acceleration is very great, cavitation is 
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caused In the hydraulic liquid sucked-in into said room 
because this hydraulic liquid cannot follow the acceleration 
of the axial face formed on the piston. This cavitation xs 
highly undesirable because of the detrimental effects caused 
thereby, such as vibrations and erosion. 

It is an object of the present invention to provide a 
free-piston engine having a fluid pressure unit, wherein said 
problem is removed in a simple but effective manner. 

For this purpose the free-piston engine according to 
the invention is characterized in that said axial face is 
formed on a ring-shaped element slidably arranged on the 
plunger-shaped extension, said plunger-shaped extension 
comprising a stop adapted for engagement by the ring-shaped 
element when it is moved for displacing the piston to its 

15 first position. 

Due to these measurements, during normal operation of 

the free-piston engine, the room of the auxiliary means is 
bordered by the axial face of the ring-shaped element which is 
not forced to move with the plunger-shaped piston extension of 
the piston. As a result, the liquid flows into and out of the 
room will be reduced very substantially or even be fully 
eliminated if the ring-shaped element is stationary. This may 
be enforced by a lock, but in most cases it will happen 
automatically by pressure forces exerted on the oppositely 
directed axial face on the other side of the ring-shaped 
element. When a situation occurs in which the auxiliary means 
should be used in order to bring the piston to the bottom dead 
centre, the room is pressurized thereby pushing away the ring- 
shaped element so as to move along the plunger-shaped 
extension until it runs into the stop of the plunger-shaped 
extension, whereafter the ring-shaped element carries the 
plunger-shaped extension with it. Preceding or during the next 
compression stroke of the piston, the ring-shaped element is 
returned to its initial position by the stop or by a pressure 
differential over the ring-shaped element. Of course, the 
connecting channel should connect to the room such that it 
cannot be closed by a radial face of the ring-shaped element. 

The invention will hereafter be elucidated with 
reference to the drawing showing an embodiment of the free- 
piston engine having a fluid pressure unit according to the 
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invention by way of example. 

The only Figure of the drawing is a very schematic 
longitudinal sectional view of a free-piston engine and a 
scheme of the corresponding fluid pressure unit, 
v 5 The Figure shows an exemplary embodiment of a free- 

piston engine comprising a cylinder 1 and a movable piston 2 
arranged therein. This piston 2 borders one side of the 
combustion room 3 and is movable between a bottom dead centre 
in which the volume of the combustion room 3 is at a maximum , 

10 and a top dead centre in which the volume of the combustion 

room 3 is at a minimum. To the combustion room connects an air 
inlet 4 arid a combustion gas outlet 5. In a cylinder head 
bordering the combustion room 3 on the other side there is 
mounted an injector 7 for injecting liquid fuel, such as 

15 diesel oil, into the combustion room 3. During the compression 
stroke of the piston 2, that is during the displacement of the 
piston 2 from the bottom dead centre to the top dead centre, 
air supplied through the air inlet 4 into the combustion room 
3 is compressed, then liquid fuel is injected into the 

20 combustion room through the injector 7 , and said fuel is 
spontaneously combusted under influence of pressure and 
temperature within the combustion space 3 leading to expansion 
of the fuel-air mixture in the combustion room 3 causing the 
piston 2 to make an expansion stroke towards the bottom dead 

25 centre. 

To convert mechanical energy rendered to the piston 2 
during the expansion of the fuel-air mixture into hydraulic 
energy and to convert hydraulic energy into a movement of the 
piston in order to make a compression stroke, the piston 2 is 

30 equipped with a plunger -shaped piston extension 8. This piston 
extension 8 includes, as seen from the piston 2, a first rod 
section 9, a first plunger section 10, a second rod section 11 
and a second plunger section 12. 

The first plunger section 10 is adapted to move 

35 within a first chamber 13 and borders on one side a room 14 
communicating with the environment through a channel 15 and 
bordering on the other side a room 16 used for causing the 
* piston 2 to make a compression stroke. For this purpose, the 

unit includes a preferably hydraulic compression pressure 

40 section 17 having a compression pressure accumulator 18, a 
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first connecting channel 19 between the room 16 and the 
compression pressure accumulator 18 and a second connecting 
channel 20 between the compression pressure accumulator 18 and 
the room 16. This second connecting channel 20 incorporates a 
5 two-way valve 48 switchable between a first position for 

closing the second connecting channel 20 (as shown in Fig. 1) 
and a second position in which hydraulic liquid may flow from 
the compression pressure accumulator 18 to the room 16. To 
start a compression stroke of the piston 2, between the first 

10 and second connecting channel 20 is arranged an intermediate 
line 22 having a quick non-return valve 21. It closes at the 
end of the expansion stroke of the piston 2. 

The second plunger section 12 is adapted to move 
within a second chamber 23 having a first chamber portion 24 

15 and a second chamber portion 25 the diameter of which is 

smaller than that of the first chamber portion and in which 
the second plunger section 12 sealingly fits. The second 
plunger section 12 has the function to convert the pneumatic 
energy stored in the piston 2 into hydraulic energy during the 

20 expansion stroke and, for this purpose, cooperating with a 

working section 26 of the hydraulic unit. This working section 
includes a low pressure accumulator 27 and a first supply 
channel 28 between the first chamber portion 24 and the low 
pressure accumulator 27, which comprises a non-return valve 

25 29, and a second supply channel 30 between the second chamber 
portion 25 and the low pressure accumulator 27, which 
comprises a quick non-return valve 31. A by-pass line 32 
passing the quick non-return valve 31 includes a two-way valve 
33. 

30 The working section 26 further comprises a high 

pressure accumulator 34, a first discharge channel 35 
connecting to the first chamber section 24 of the second 
chamber 23 and a second discharge channel 36 connecting to the 
second chamber section 25 of the second chamber 23 and 

35 comprising a quick non-return valve 37 and a non-return valve 
having a low flow resistance 38. The first discharge channel 
35 connects to the second discharge channel 36 between the 
non-return valves 37 and 38. The high pressure accumulator 34 
feeds a user 39, which user may for instance consist of the 

40 hydrostatic transmission for driving a vehicle. The low 
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pressure side of this hydrostatic transmission may be 
connected to the low pressure accumulator 27 at 40. 

The operation of the compression section 17 and the 
working section 26 of the hydraulic unit do not form part of 
5 the present invention, so that the normal operation will not 
be elucidated in detail. 

The hydraulic unit of the free-piston engine 
according to the invention comprises an auxiliary means 41 
which may be used for bringing the piston 2 to the bottom dead 

10 centre, which is necessary when the free-piston engine is 
started or when the free-piston engine should be restarted 
after a so-called misfiring. 

This auxiliary means 41 comprises a connecting 
channel 42 connecting on one hand to a room 43 which, in this 

15 exemplary embodiment, forms part of the first chamber portion 
24 of the second chamber 23 of the working section of the 
hydraulic unit. This room 43 is bordered by the walls of the 
first chamber portion 24, the second rod section 11 and the 
axial face 44 formed on a ring-shaped element 45 arranged 

20 concentrically around the second rod section 11 and sealingly 
engaging the second rod section 11 on its inner circumference 
and adapted to slide in relation thereto, and sealingly 
engaging the circumferential wall of the first chamber portion 
24 of the second chamber 23 on its outer circumference and 

25 adapted to slide in axial relation thereto. The connecting 
channel 42 is connected with its other end to the high 
pressure accumulator 34 of the working section, and within the 
connecting channel 42 there is incorporated a bi-directional 
pump 46. 

30 The operation of the auxiliary means 41 is as 

follows. 

During the normal operation of the free-piston 
engine, the ring-shaped element 45 will assume the position of 
Fig. 1, both during the compression and the expansion strokes 

35 of the piston 2. Then, in the compression stroke the second 
rod section 11 of the piston extension 8 exerts a slip force 
on the ring-shaped element 45 which is inclined to move the 
ring-shaped element 45 to the left in Fig. l. Due to the 
presence of hydraulic liquid within the room 43 and the 

40 connecting channel 42 closed by the stationary pump 4 6 , the 
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ring-shaped element 45 is not able to move further to the 
left. During the expansion stroke of the piston 2, the second 
rod section 11 will try to drag along the ring-shaped element 
45 indeed, yet within the first chamber portion 24 there is a 
5 high pressure counteracting a movement of the ring-shaped 
element 45. During said operation of the free-piston engine 
there are hence no useless flows of the liquid in the room 43 
and the connecting channel 42 which could adversely affect the 
efficiency of the free-piston engine. Only the friction 
10 between the second rod section 11 and the ring-shaped element 
45 produces a very slight loss of energy. 

If the auxiliary means 41 is needed for bringing the 
piston 2 to the bottom dead centre, the bi-directional pump 46 
is acting such that the room 43 is pressurized through the 
connecting channel 42 so that- a pressure force is exerted on 
the axial face 44 of the ring-shaped element 45. On the other 
side of the ring-shaped element 45, the first and second 
chamber portions 24, 25 are brought to a low pressure by 
switching the two-way valve 33 in the by-pass line 32 and 
possibly also a similar two-way valve in a by-pass line around 
the non-return valve 29. The pressure differential over the 
ring-shaped element 45 will cause it to move within the first 
chamber portion 24 to the right in Fig. 1 and to first slide 
over the second rod section 11 until the ring-shaped element 
25 45 abuts against the collar formed by the second plunger 
section 12 so that the ring-shaped element 45, when it is 
moved, carries along the second plunger section 12 and hence 
the piston 2 up to the desired position thereof. 

subsequently, the two-way valve 33 is switched back 
to the position of Fig. 1 and prior to switching the two-way 
valve 48 in the compression section 17 in order to start a new 
compression stroke of the piston 2, the bi-directional pump 46 
is driven in reverse sense so that the ring-shaped element 45 
is allowed to move back to the initial position of Fig. 1 
where it remains out of range of the collar of the second 
plunger section 12 during the normal operation of the free- 
piston engine. 

It is also conceivable to accommodate the ring-shaped 
element 45 within a chamber forming part of the compression 
section of the hydraulic unit, in which the pump 46 may also 
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be connected with the compression pressure accumulator instead 
of the high pressure accumulator of the working section. The 
operation of the auxiliary means 41 does not change then. 

The invention is not restricted to the embodiment 
5 shown in the drawing and described above, which may be varied 
in different manners within the scope of the invention. 
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1 Free-piston engine having a fluid pressure unit, 
comprising a cylinder (1) and a piston (2) arranged within the 
cylinder and limiting one side of a combustion room (3) , said 
piston reciprocating within the cylinder between a first 
5 position in which the volume of the combustion room in the 
cylinder is at a maximum and a second position in which the 
volume of the combustion room in the cylinder is at a minimum, 
the piston (2) including a plunger-shaped piston extension (8) 
cooperating with the fluid pressure unit, said fluid pressure 
10 unit being equipped with an auxiliary means (41) for 
displacing the piston (2) in a direction to its first 
position, said auxiliary means (41) comprising a connecting 
channel (42) adapted to communicate a liquid pressure source 
(46 34) with a room (43) in which the plunger-shaped piston 
extension (8) extends and which room (43) is closed on one 
side by an axial face (44) of the piston extension (8) which 
is directed such that, by pressure loading this axial face 
(44) the piston is moved towards the first position, 
characterised in that said axial face (44) is formed on a 
ring-shaped element (45) slidably arranged on the plunger- 
shaped extension (8), said plunger-shaped extension (8) 
comprising a stop (12) adapted for engagement by the ring- 
shaped element (45) when it is moved for displacing the piston 

(2) to its first position. 

2. Free-piston engine according to claim 1, wherein . 
the ring-shaped element (45) consist of a ring arranged 
concentrically around the plunger-shaped extension (8) , and 
the stop of the plunger-shaped extension (8) is a collar (12) 
the diameter of which is smaller than that of the room (43) . 

3. Free-piston engine according to claim 1 or 2, 
wherein a pump (46) is provided in the connecting channel (42) 
of the auxiliary means (41) as pressure source for 
pressurizing said room (43) . 

4. Free-piston engine according to claim 3, wherein 
35 the pump (46) connects to a working pressure accumulator (34) 

or to a compression pressure accumulator (18) . 
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